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Abstract
This paper examines the relationship between the compositions of government expen-
diture and economic growth. It develops an endogenous growth framework drawing
on variables from existing models, and separates government expenditure into pro-
ductive and non-productive forms. Using panel data from 37 high-income and 22 low-
to middle-income countries covering 1993–2012, our findings are based on OLS fixed
effects and GMM techniques. We challenge much of the existing empirical literature
in relation to developing economies by showing that a shift in government expenditure
away from non-productive government expenditure and towards productive forms of
expenditure are associated with higher levels of growth in both high-income and low-
to middle-income economies. Moreover, we identify the differing components of gov-
ernment expenditure that are most associated with increased long-run output levels in
both high-income and low- to middle-income economies.
Keywords Economic growth · Government expenditure · High-income countries ·
Low- to middle-income countries
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1 Introduction
Recent studies on determining economic growth have been dominated by endogenous
growth models (Cyrenne and Pandey 2015; Ghosh and Gregoriou 2008; Petrakos et al.
2007). In these models it is assumed that any policy encouraging factor input accu-
mulation results in enhanced economic growth, thereby offering governments a broad
range of effective growth policies. Beginning with Barro (1990) and King and Rebelo
(1990), a number of papers have helped develop the analysis of public spending and
growth, highlighting the effect of the compositions of government spending has on
growth (Afonso and González Alegre 2011; Agénor and Neanidis 2011; Ghosh and
Roy 2004; Fuente 1997; Monteiro and Turnovsky 2008). Researchers have differenti-
ated between productive and non-productive government expenditure and have shown
how a country can increase its economic growth by changing the mix between these
alternative forms of expenditure. Kneller et al. (1999) underlined that productive gov-
ernment spending influences private sector productivity and hence has a direct impact
on growth, while non-productive expenditure, which normally has an effect on cit-
izens’ welfare, is likely to have a zero or negative growth impact. Devarajan et al.
(1996) was one of the first to introduce a model that expresses the difference between
productive and non-productive expenditures by how a change in the proportion of
total expenditure dedicated to either one impacts on long-run economic growth. They
stated that a country’s desire to reach a more optimal growth rate can be achieved
by increasing the proportion of total government expenditure dedicated to productive
areas.
If the theory linking various components of government expenditure to economic
growth appears reasonably clear, the results from related empirical research are not,
especially when distinguishing between the effects of changes in the absolute level
of government expenditure and changes in relative amount of productive and non-
productive expenditures. In term of absolute levels of expenditure compositions (as
a share in GDP), empirical results have consistently reported a positive relationship
between productive government expenditure and economic growth, and either a neg-
ative or no-impact relationship between non-productive expenditure and economic
growth for high-income economies (Afonso and González Alegre 2011; Bleaney et al.
2001; Kneller et al. 1999). However, findings on the relationship between the level of
public spending and economic growth in low- to middle-income economies are mixed.
Gupta et al. (2005) used a panel of 39 low-income countries and found that productive
government spending enhances growth, while non-productive expenditure fails to do
so. Christie (2012) revealed an inverse relationship between productive government
spending and real GDP per capita for developing economies. Regarding the relative
division of total expenditure between productive and non-productive uses, Devarajan
et al. (1996) found that diverting expenditure from productive to non-productive can
promote economic growth by using 43 developing countries. They subsequently re-
tested their regressions with a sample of 21 developed countries for the same period
and found that the results are reversed. Ghosh and Gregoriou (2008) also found sim-
ilar results with Devarajan et al. (1996) in 15 developing countries, where a greater
proportion of current (non-productive) spending was found to have a positive effect
on the growth rate. Given these inconsistencies in empirical findings, it is surprising
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that relatively little attention has been given to comparing and contrasting the impact
of government expenditure composition on economic growth in countries at different
stages of development.
Previous efforts to examine the above issues have also been affected by limitations
in data availability and estimation methods (Barro 1990; Easterly and Rebelo 1993).
More recent empirical studies have had access to data of improved quality and as a
result developed more useful variables and estimation methods (Ghosh and Gregoriou
2008; Gemmell et al. 2016). Nevertheless, there remains a need for more research to
address two specific limitations that persist in current economic growth regressions: the
possible endogeneity of fiscal variables and the consequences of relying on the period-
averaging process to capture long-term growth rates (Bleaney et al. 2001; Kneller et al.
1999).
This paper addresses these gaps in existing literature and thereby makes three dis-
tinct contributions to the body of knowledge. Firstly, the paper examines the growth
effects of government expenditure compositions for a panel data of 37 high-income
and 22 low- to middle-income countries for the period 1993–2012, thus providing
insights on the role that differing levels of economic development play in moderating
the relationship. In both groups of countries, we find increased levels of govern-
ment expenditure has a negative impact on growth, while a change in the expenditure
mix towards productive forms of expenditure and away from non-productive forms
of expenditure enhances economic growth rate. Secondly, by regressing economic
growth on budgetary economic categories1 and a set of other relevant variables, this
paper contributes to a growing debate on variations between productive and non-
productive forms of government expenditure. The results show that budget deficit
variables encourage growth for both sets of countries, while tax revenue and non-tax
revenue variables have different effects on growth. Thirdly, this paper contributes to
overcoming the methodological issues commonly found in similar studies. We com-
pute a 5-year moving average for all variables instead of the traditional 5-year average
to smooth over some of the cyclical features of the data. Moreover, based on previous
analysis studies and the developments in econometrics theory (Arellano and Bover
1995; Blundell and Bond 1998), we apply a dynamic panel Generalise Methods of
Moments (GMM) system approach to deal with the issue of growth and fiscal variables
not always being strictly exogenous.
The remainder of the paper is progressed as follows. Section 2 provides a review
of literature on the composition of public expenditure and growth. Section 3 presents
the model specification, description of the data and empirical methodology used in
the analysis. Our main empirical results and the tests for robustness are then dis-
cussed in Sects. 4 and 5, respectively. Section 6 links the theoretical results with the
empirical analysis, and finally Sect. 7 summarises the results and draws some policy
implications.
1 Adam and Bevan (2005), Afonso and González Alegre (2011) and Gemmell et al. (2016) discuss how
disregarding the financing assumption of government budget constraint when building a growth model
could bring systematic bias into regression equation, so we take into account variables on the financing side
more fully (tax revenue, non-tax revenue and budget deficit variables).
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2 Literature review
The classification of government expenditures into productive and non-productive
is an important issue for this study. Empirical results relating productive and non-
productive government expenditure to economic growth have produced inconsistent
results. While there are a number of studies that focus on the impact of productive and
non-productive public spending level (as percentage of GDP) on economic growth,
few researchers have tried to examine whether changes in the proportion of total expen-
diture dedicated to these two expenditures is associated with higher growth. Starting
with the impact of these two expenditure levels, Aschauer (1989) found that US pro-
ductive expenditure in the form of core infrastructure expenditure between 1949 and
1985 increased the productivity of private capital, thereby leading to higher economic
growth. Similarly, Easterly and Rebelo (1993) found that public investment in trans-
port and communications had a positive impact on economic growth, but expenditure
on education and health (other components of productive expenditure) were not found
to be significant. Barro (1991) denoted defence and education as productive spend-
ing and found a positive impact on growth. He believed that spending on education
was investing in human capital, while expenditure on defence supports the protec-
tion of property rights, which raises the probability of receiving the marginal product
of capital. Kneller et al. (1999) and Bleaney et al. (2001) used a sample set of 22
OECD countries (1970–1995) and concluded that productive government expendi-
ture, a sum of expenditure on education, health, defence, housing, economic affairs
and general public services, enhances economic growth. Meanwhile, non-productive
government expenditure in the form of social security and recreation expenditure
hinder growth. Using 14 EU countries, Benos (2009) found that an increase in gov-
ernment productive spending, such as infrastructure and human capital, can enhance
growth. Similar, Afonso and González Alegre (2011) identified a positive impact of
government investment expenditure (productive) and a negative impact of government
consumption expenditure (non-productive) on economic growth using data for 15 EU
countries for the period 1971–2006.
On the other hand, fewer studies have examined the case of low- to middle-income
countries and those that have been conducted have produced mixed results. Consistent
with results from developed economies, Adam and Bevan (2005) found that higher
productive expenditure (health, education, infrastructure, defence and public adminis-
tration) is growth-enhancing for 45 developing countries (1970–1999), whereas higher
non-productive expenditure (public order, social protection, recreation and culture)
are growth-obstructing. Similar to Adam and Bevan (2005), Gupta et al. (2005) found
that reducing selected non-productive expenditure can have positive impact on eco-
nomic growth rate, while boosting productive expenditure does the same in a study
with a panel data of 39 low-income countries between 1990 and 2000. However,
Christie (2012) study showed that productive public spending has a negative impact
on economic growth with a panel data of 108 developing countries over the period
1971–2005.
Regarding the effects of the relative division of government expenditure between
productive and non-productive uses (as a proportion of total expenditure) on economic
growth, Devarajan et al. (1996) used panel data of 43 developing countries from 1970
123
The impact of productive and non-productive government…
through 1990 with capital expenditure classified as productive expenditure, while
current expenditure (net of interest payments) was considered non-productive expen-
diture. Contrary to expectations, their paper found that allocating public spending in
favour of productive expenditure at the expense of non-productive expenditure have
a significant negative impact on economic growth. They subsequently re-tested their
regressions with a sample of 21 developed countries for the same period and found
that the results are reversed, with shifting towards productive government expendi-
ture encouraging economic growth and non-productive expenditure failing to do so.
Ghosh and Gregoriou (2008) arrived at conclusions similar to those of Devarajan et al.
(1996), in which greater non-productive rather than productive government expendi-
ture has contributed to economic growth for 15 developing countries over 28 years
(1972–1999). Gemmell et al. (2016), based on an extension of the Bleaney et al. (2001)
dataset, examined the long-run growth impacts of changes in the shares of different
spending categories in total expenditure. They found a robust positive effect on growth
for productive expenditure compositions (such as, transport, communications, educa-
tion, health, etc.) and negative effects for non-productive expenditure (social welfare
and recreation) in 17 OECD countries from early 1970s to 2007.
In sum, there have been conflicting findings in recent empirical literature, especially
when comparing developed to developing countries. This paper will focus on exam-
ining whether the relative proportion of productive and non-productive spending (as
a share of total government expenditure) is linked with higher economic growth, with
particular attention on comparing high-income and low- to middle-income countries.
3 Model speciﬁcation, data and empirical methodology
3.1 Model specification
Recent growth in work on endogenous growth has generated a number of models
linking government expenditure with the long-term growth rate. Devarajan et al. (1996)
was one of the first to put forward a theoretical framework in which there are two types
of government expenditure, productive (g1) and non-productive (g2). In this section
we first present the key equation of the Devarajan et al. (1996) model.
Both forms of government expenditure have an impact on the rate of growth through
the marginal production of capital; however their influence varies upon the relative
productivity of g1 and g2, and their relative budget shares, ∅ and (1 − ∅). If g1 has a
greater elasticity value than g2 (γ < β, as β and γ are the output elasticities of g1 and
g2 respectively) then the rate of growth may still not increase if the expenditure shares
of g1 to g2 be currently too high. In the special case of Cobb–Douglas technology, the
condition for the two types of government expenditure is:
∅




In the model, a government’s expenditure decision is taken as a given rather than
deriving from some optimising framework. As an optimising framework requires spec-
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ifying the government’s objective function and the results will depend on this function.
Therefore, similar to Devarajan et al. (1996) work, we do not attempt to exercise this
extension in this paper. The importance of this model is to create insights into what
makes particular components of government spending productive. The answer depends
on the relationship between the coefficient and the actual share in the budget rather
than the sign of the exponent in the production function. We attempt to answer this
question by examining empirically how the growth performance was affected by the
composition of government expenditures with differing levels of economic develop-
ment. Like Devarajan et al. (1996) and Ghosh and Gregoriou (2008), we do not classify
government spending as being productive and non-productive to begin with, but let
the data direct us. As we shall see, if the regression results show that expenditures
which are sum of public expenditure on education, health, general public services,
etc.; show themselves to have more growth effects, then we can say that this type of
expenditures is indeed more productive than expenditures that are perhaps in the form
of public order and safety, recreation and social protection.
To see the implication of this for empirical testing, real output per capita growth is
modelled as a function of government size (productive and non-productive government
spending) and control variables. This paper draws together variables from a number of
existing endogenous growth models in order to create a more robust model in capturing
the relationship between components of government expenditure and growth. The set
of control variables includes initial GDP per capita, labour force growth, investment
(gross capital information as percentage of GDP), the inflation rate, and openness to
trade (sum of exports and imports to GDP). Initial GDP, investment ratio and labour
force growth conditioning variables are found in the usual Barro-type regression. The
initial level of GDP is a logarithm to control for the convergence effect mentioned in
the Solow–Swan model (Adam and Bevan 2005; Christie 2012; Kneller et al. 1999).
Investment is an important determinant of the growth rate and expected to express the
positive effects of physical capital accumulation (Ghosh and Gregoriou 2008; Gupta
et al. 2005). Labour force growth is one of the production factors related to economic
growth and has therefore been added by previous researchers (Afonso and González
Alegre 2011; Bleaney et al. 2001; Gupta et al. 2005). The latter variables (inflation rate
and openness variables) capture macroeconomic policy. The inflation rate is believed to
have an adverse effect on growth rates when it is high. High inflation is associated with
increased price variability and an uncertainty about future profitability of investment
projects, then this lead to lower levels of investment and economic growth (Christie
2012; Pushak et al. 2007). Rodrik (1998) stated that openness to international trade
has a higher rate of industrial concentration and it is therefore an important variable
in empirical models testing fiscal policy and growth.
The first set of regression model specifications for capturing the relationship
between productive government expenditure and economic growth, which is based
on the Devarajan et al. (1996)’s model is:













σl Iilt + μi t
(2)
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The second set of regression model specifications for capturing the non-productive
government expenditure is:













σl Iilt + μi t
(3)
where i and t denote the cross-sectional and time series dimensions respectively,
capturing the time-invariant unobserved country-specific fixed effects and the unob-









are productive and non-productive





public expenditure-to-GDP ratio. y is GDP and Iilt is a vector of non-fiscal indepen-
dent variables (initial GDP per capita, inflation, labour force growth, investment and
openness).
Kneller et al. (1999), Bleaney et al. (2001), Bose et al. (2007) and Gemmell et al.
(2016) have cautioned that by not taking full account of the government budget con-
straint (GBC) in growth models, the coefficient estimates tend to be non-robust.
Therefore, when one evaluates the effect of fiscal policy on growth it should ide-
ally take into account both the sources and the uses of funds. We assess whether our
empirical results in regression Eqs. (2) and (3) with the inclusion of this feature that
is not present in the Devarajan et al. (1996)’s model.
Since the GBC describes a closed system, total government expenditure must be
financed by revenues (TR + NTR) and/or a budget surplus/deficit (Def or sur).2
To control for this view, this paper adds components from the revenue side of the
government budget to the model, including tax revenue, non-tax revenue and budget
surplus or deficit variables.
The third set of regression model specifications for capturing the relationship
between productive government expenditure and economic growth in the presence
of three revenue-side variables in the GBC is:
(4)























σl Iilt + μi t
The fourth set of regression model specifications for capturing the relationship
between non-productive government expenditure and economic growth in the presence
of three revenue-side variables in the GBC is:
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(5)























σl Iilt + μi t
where TR is tax revenue, NTR is non-tax revenue and Def or sur is budget surplus or
deficit to GDP ratios.
3.2 Data and empirical methodology
The data used consist of a panel of 59 countries (37 high-income and 22 low- to middle-
income) covering the period from 1993 to 2012 (see “Appendix 1”). The classification
of high- and middle- to low-income countries is based on the World Bank’s classi-
fication using gross national income per capita.3 We classify productive government
spending as the sum of expenditure on education, health, defence, housing, economic
affairs and general public services expenditure, while non-productive expenditure con-
sists of expenditure on public order and safety, recreation and social protection. This
classification is based upon those applied by Adam and Bevan (2005), Bleaney et al.
(2001), Park (2006) and Christine (2012).
Data on each fiscal variable is taken from either consolidated central government
or general government records, dependent on the availability for each country, and is
collected from the IMF’s Government Finance Statistics (GFS).4 An advantage of this
data source is that it also includes sectoral decompositions of total government expen-
ditures and total government revenues, which allows the separation of productive and
non-productive elements of government spending, as well as tax and non-tax elements
of government revenue (sum of social contributions, grants and other revenues). The
remaining data are obtained from the World Bank’s Development Indicators (WDI).
Traditionally, to capture the long-run relationship between economic growth and
fiscal variables, while eliminating business cycle effects, data is expressed in long-
frequency periods—usually 5 years. While some previous studies apply 5-year average
for all variables (see for example: Adam and Bevan 2005; Bleaney et al. 2001; Christie
2012) or decade average values for all variables (see for example: Bose et al. 2007);
others used 5-year forward moving averages of GDP growth on yearly fiscal vari-
ables (Devarajan et al. 1996; Ghosh and Gregoriou 2008). However, both of these
period-averaging processes have some drawbacks. Using a 5-year moving average for
dependent variables could lead to the possibility of reverse causality, as governments
could predict the increase in the growth rate up to 5 years into the future and raise pro-
ductive government expenditure today. Meanwhile, using 5-year average for growth
3 As of 1 July 2013, low-income economies are defined as those with a GNI per capita, calculated using
the World Bank Atlas method, of $1025 or less in 2012; middle-income economies are those with a GNI
per capita of more than $1026 but less than $12,476; high-income economies are those with a GNI per
capita of $12,476 or more.
4 Devarajan et al. (1996) rerun their regression on a subset of countries which have data available for both
central and general government and found that the results for both kinds of data are consistent.
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regressions tends to produce biased results. The reason for these biased results may be
the absence of automatic stabilisers. Developed economies normally achieve macroe-
conomic stability, so changing between 5-year average and 5-year moving average is
unlikely to affect the relationship between components of government spending and
long-run economic growth. Meanwhile, for developing economies, 5-year average for
pre-stabilisation countries may lead to bias results as their governments set up several
5-year Socio-Economic Development Plans to achieve development and economic
growth. Therefore, any study which uses the wrong 5-year average period between
the two 5-Year Plans may generate incorrect estimates. This paper will use 5-year for-
ward moving averages for all variables,5 as we believe this will remove business cycle
effects, increase the number of time series observation in our panel data, minimise the
reverse causality argument holding in our model and account for endogeneity.6,7
Table 1 lays out some descriptive statistics for the data set. It can be seen high-
income economies have a lower average growth rate than low- to middle-income
economies, at 2.6% and 3.3% respectively. It has been observed that countries with
bigger governments tend to allocate a larger share of total government spending to
social welfare and transfer payments (Gray et al. 2007). In the estimation sample,
high-income countries use approximately 39% of total expenditure on non-productive
spending, compared to 21% on low- to middle-income countries. However, total
government expenditure as a percentage of GDP in high-income countries is 39%;
meanwhile it is approximately 26% in low- to middle-income countries.
An issue that is encountered in panel data estimation is the presence of unobserved
country-specific effects (Easterly et al. 1997). Excluding unobservable country-
specific effects could lead to serious biases in the econometric estimates, especially
when these effects are correlated with other covariates. The OLS fixed effects, also
known as the Least Squares Dummy Variable (LSDV) are often applied to panel esti-
mations and address this concern (Bleaney et al. 2001; Gupta et al. 2005). Pooled
OLS regression, two-way random effects and two-way fixed effects estimations are
considered. Based on the log likelihood and the adjusted R2 for the pooled OLS and a
rejection of the null hypothesis in the Hausman test between fixed effects and random
effects,8 the two-way fixed effects which control both time-invariant individual coun-
try characteristics and time fixed effect is chosen as the main method of estimation for
this paper.
5 Regarding to the autoregressive behaviour of economic growth, fiscal variables may have an influence on
economic growth distributed across several periods. Some categories of government spending may induce a
certain effect in the period in which they are actually realised and a different impact later on. Other variables
could have the same impact.
6 We tried 5-year average for our growth regression models and found that there is no significant effect of
productive and non-productive expenditure on economic growth for low- to middle-income countries. This
is due to a small number of observations for low- to middle-income economies and pre-stabilisation period
in these countries. Meanwhile, the finding did not change significantly for high-income countries. These
results (not reported) are available upon request.
7 We also run the regression with annual data and it presents same results with the benchmark specification
but with higher coefficients as it ignores the business cycle effect for long-run economic growth effects. The
seven or decade year average, however, reduces the number of data points to test the model. These results
(not reported) are available upon request.
8 These results are not reported here, but are obtainable upon request.
123
T. T. Chu et al.
Table 1 Descriptive statistics
Variable High-income countries Low- to middle-income
countries
Mean SD Mean SD
GDP p.c. growth (% p.a) 2.141 3.337 3.343 3.424
Productive government
expenditure (% TGE)
60.599 10.996 78.040 12.718
Non-productive government
expenditure (% TGE)
39.401 10.965 21.960 12.574
Total government expenditure
(% of GDP)
39.803 11.329 25.658 9.074
Log Initial p.c. GDP
(constant 2005 US$)
10.055 0.641 7.346 1.013
Investment (gross capital
formation as % of GDP)
23.376 5.761 23.600 6.219
Inflation rate (%) 3.419 4.638 13.784 48.940
Labour force growth (p.a) 1.280 2.091 1.926 1.888
Openness (sum of exports
and imports as % of GDP)
100.024 64.453 77.617 33.188
Deficit or surplus (% of GDP) −2.843 4.765 −0.859 4.214
Tax revenue (% of GDP) 23.268 8.266 15.007 4.803
Non-tax revenuea (% of
GDP)
14.818 6.409 7.716 5.959
aIt can be seen that around 38% and 30% of total revenues of high-income and low- to middle-income
economies respectively are non-tax revenues. While most of these non-tax revenues come from social
contributions (social security contributions, employee and employer contributions) in high-income coun-
tries; other revenues, such as: property income, sales of goods and services, fines, penalties, and forfeits,
contribute most weight on this revenues in low- to middle-income group
4 Results
Table 2 presents the estimated effects of productive and non-productive govern-
ment expenditure on economic growth in high-income and low- to middle-income
economies by using a two-way fixed effects method. The main variables of interest
is share of productive and non-productive expenditure on total government spending,
which have a respective positive and negative statistically significant coefficient effect
on economic growth for high-income economies (column [1] and [2]). For high-income
economies, a one percentage point shift in the ratio of government expenditure away
from non-productive areas and towards productive areas of spending will increase
per capita real GDP growth by 0.05 percentage points. These results are unsurprising
and consistent with previous findings for high-income economies (see for example:
Devarajan et al. 1996; Gemmell et al. 2016).
Meanwhile, Column [3] and [4] display the regression results of growth against
the ratio of productive and non-productive expenditure in low- to middle-income
economies. However, no statistically significant relationship is found between com-
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Table 2 Productive and non-productive government spending with FE technique
Estimation technique: 5-year moving average—two-way fixed effect
Dependent variable: per capita growth
High income Low- to middle-income
(1) (2) (3) (4)
Productive expenditure 0.0513** 0.0289
(0.0265) (0.0354)
Non-productive expenditure −0.0510* −0.0237
(0.0294) (0.0366)
Total government expenditure −0.1136*** −0.1145*** −0.1344* −0.1390*
(0.0403) (0.0405) (0.0921) (0.0919)
Log initial GDP −2.4789 −2.4123 −0.3023 −0.2821
(2.6749) (2.6965) (2.0513) (2.0714)
Investment 0.1219** 0.1223** 0.1747** 0.1740**
(0.0591) (0.0591) (0.0658) (0.0655)
Inflation −0.0304 −0.0308 −0.0028 −0.0025
(0.0443) (0.0444) (0.0050) (0.0049)
Labour force growth 0.0717 0.0689 −0.2096 −0.2129
(0.1531) (0.1530) (0.2674) (0.2700)
Openness 0.0427** 0.0420** −0.0053 −0.0053
(0.0163) (0.0163) (0.0202) (0.0202)
Constant 22.7369 27.3148 2.8611 4.2648
(23.547) (25.387) (15.669) (13.564)
Observations 591 591 344 344
No. of countries 37 37 22 22
Adjusted R-squared 0.5612 0.5605 0.5022 0.5011
Robust standard error in parentheses. Country and time dummies included but not reported
***p < 0.01, **p < 0.05, *p < 0.1
position of government expenditure and growth in this group of countries. These
findings differ from those of Devarajan et al. (1996) and Ghosh and Gregoriou (2008),
who in similar work found significant impacts. The reason for this may be due to the
absence of the GBC variables in their studies, as criticised by other authors (Kneller
et al. 1999; Bleaney et al. 2001; Adam and Bevan 2005; Afonso and González Ale-
gre 2011; Gemmell et al. 2016). Devarajan et al. (1996) did not include this feature
in their model, while Ghosh and Gregoriou (2008) compared their main results with
and without the presence of GBC and found there is not much difference for the
main variables of interest. We shall see the vital role of GBC in our main results in
Table 3.
Regarding total government expenditure as a ratio to GDP, it can be seen that it has
a negative and significant impact on economic growth for both high-income and low-
to middle-income group. This is the level effect of total government expenditure on
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Table 3 Productive and non-productive government spending with FE technique in the presence of three
revenue-side variables in the GBC
Estimation technique: 5-year moving average—two-way fixed effect
Dependent variable: per capita growth
High income Low- to middle-income
(1) (2) (3) (4)
Productive expenditure 0.0507* 0.0648*
(0.0282) (0.0334)
Non-productive expenditure −0.049* −0.0602*
(0.0307) (0.0336)
Log initial GDP −2.6191 −2.5341 0.4827 0.4977
(2.4902) (2.5067) (1.4092) (1.4181)
Investment 0.0936* 0.0935* 0.1956*** 0.1935***
(0.0595) (0.0601) (0.0607) (0.0609)
Inflation −0.044 −0.0442 0.0004 0.0004
(0.0445) (0.0449) (0.0047) (0.0046)
Labour force growth 0.0963 0.0935 −0.0883 −0.0862
(0.1332) (0.1342) (0.2524) (0.2575)
Openness 0.0424*** 0.0415*** 0.0058 0.0052
(0.0148) (0.0148) (0.0186) (0.0183)
Non-tax revenue −0.1465*** −0.1476*** 0.0069 0.0031
(0.0529) (0.0532) (0.0757) (0.0764)
Tax revenue 0.1359 0.1339 −0.2321** −0.2315**
(0.0978) (0.0984) (0.0843) (0.0836)
Surplus or deficit 0.2053*** 0.2060*** 0.2202*** 0.2262***
(0.0644) (0.065) (0.0696) (0.0702)
Constant 3.524 24.1057 −6.6917 −0.2553
(1.5661) (22.894) (11.6589) (8.8435)
Observations 591 591 344 344
No. of countries 37 37 22 22
Adjusted R-squared 0.6077 0.6065 0.5677 0.5655
Robust standard error in parentheses. Country and time dummies included but not reported
***p < 0.01, **p < 0.05, *p < 0.1
per capita growth, which has been found to be positive but insignificant by Devarajan
et al. (1996) and positive significant by Ghosh and Gregoriou (2008) for developing
countries. So this results of ours is somewhat different from their findings, but consis-
tent with previous studies for developed countries (Romero-Ávila and Strauch 2008;
Afonso and González Alegre 2011; Christie 2012). Increases in government expen-
diture might increase the tax burden on citizens—either now or in the future—which
leads to a reduction in private spending and investment (crowding-out effect) and thus
retards economic growth (Barro 1990; Bose et al. 2007). With a negative effect of
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total government spending on growth, it is important for governments to reallocate
government expenditure in a more optimal way and thereby to increase economic
growth within a given government expenditure decision.
Turning our attention to other variables, the positive coefficient attached to invest-
ment for both sets of countries follows standard economic theory, in which an increase
in the investment results in increase in production, and conforms to previous studies
(Adam and Bevan 2005; Bose et al. 2007; Afonso and González Alegre 2011; Christie
2012). The same effect is expected to apply for the labour force growth variable, but
we cannot report any statistically significant effect. This may indicate that growth in
endogenous growth models could be influenced by fiscal policy rather than the rate of
labour force growth. Unlike Christie (2012), we find that neither log initial GDP nor
inflation has a significant impact on growth (indeed the inflation coefficient is negative).
Therefore, there is no conditional convergence hypothesis for this initial GDP variable.
The openness variable in terms of trade is normally positive for low- and middle-
income countries since trade is assumed to be growth-enhancing, but we observe no
relationship between them for our low- to middle-income economies sample (similar
to Ghosh and Gregoriou 2008). However, in our sample of high-income economies,
international trade has a positive and significant impact on economic growth.
As an alternative procedure, we estimate growth regression by including three
revenue-side variables in the GBC instead of total government expenditure in Eqs. (4)
and (5). This will enable us to compare our new results with the benchmark spec-
ification, where total government expenditure was assumed as the only variable to
represent the revenue side in Devarajan et al. (1996)’s model. An issue worth noting
is if we included all the budget components in the regression we can create perfect
collinearity (Gupta et al. 2005; Bose et al. 2007). This paper avoids this by including
productive and non-productive government expenditure in separate regressions.
Table 3 reports the results of the new set of regressions where clearly the main
sources of funds are included as three separate variables. It can be seen that the eco-
nomic growth effects of productive and non-productive expenditure are similar to those
in Table 2 for high-income economies. However, both of these expenditures show a
significant impact on economic growth in low- to middle-income group. The result is
stronger for low- to middle-income economies with per capita real GDP rising by 0.06
percentage points in response to reallocating one percentage point away from non-
productive spending and towards productive expenditure. Though this result opposes
the result of Devarajan et al. (1996) and Ghosh and Gregoriou (2008) for developing
countries, it is similar to some previous empirical findings for developing countries
(Adam and Bevan 2005; Gupta et al. 2005; Park 2006), despite quite different samples
and approaches to estimation.
As previous research focused on either high-income or low-income countries, but
never both together, it is difficult to directly compare and contrast results. By using
the same period of analysis and methodology, this study can for the first time directly
compare countries effects. Our findings show that an increase in the absolute level
of total government expenditure has a crowding-out effect and thus obstructs eco-
nomic growth. However, by shifting the mix of spending way from non-productive
forms of expenditure and towards productive forms, countries can move closer to a
more optimum growth level for both high-income and low- to middle-income groups.
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These results are consistent with the theoretical framework and the empirical strategy
used in previous studies, which predict that the coefficients estimated for government
expenditure components (productive and non-productive) should be of similar size but
different signs.
Concerning the GBC variables, we find that increased tax revenue in low- to middle-
income countries has a negative and significant impact on economic growth. The
result is consistent with previous empirical studies for developing countries (Bose
et al. 2007; Lee and Gordon 2005). Tax rate cuts encourage individuals, businesses
and shareholders to work, save, invest, and build capital; thereby directly impacting
economic growth. We expected the same effect of tax revenue on economic growth for
high-income countries (Arnold et al. 2011; Gemmell et al. 2011), but this expectation
is not supported by our findings. To fully examine the impact of taxation on economic
growth for high-income countries, we may need to decompose total tax revenue into
different types of taxes as previous studies have done. For example; Arnold et al.
(2011) found that corporate taxes are most damaging to economic growth over the
long-run, followed by taxes on personal income, consumption and property. In the
scope of this paper, we do not focus on this aspect of government revenue. On the
other hand, non-tax revenue is found to be negative and significant effect on growth in
high-income economies, while it is not significant in low- to middle-income countries.
In addition, greater budget surplus or reduced deficit estimated coefficients indicate
a positive and significant effect on long-term growth for both sets of countries. Previous
research on this same relationship has produced mixed results. Afonso and González
Alegre (2011) and Kneller et al. (1999) found a positive coefficient effect of budget
surplus on economic growth for a panel of 15 EU and 22 OECD countries. Meanwhile,
Bose et al. (2007) and Gupta et al. (2005) found the budget deficit adversely affects
growth in their panels of developing countries. Adam and Bevan (2005) found that
budget deficits could be growth-enhancing in their 45 developing sample economies.
The financing assumptions may help explain these different results. If greater budget
surplus or reduced deficit is a result of an increase in public investment or a decrease
in tax, it should promote economic growth. However, Tables 2 and 3 suggest that
as the coefficients estimated for budget surplus are positive and significant while the
coefficients estimated for revenue side are negative (on non-tax revenue or tax revenue
from high-income and low- to middle-income respectively), the level of total public
expenditure may be at or beyond its optimum and increasing it further would hinder
economic growth. Therefore, governments should consider reducing total government
spending and focus on reallocating funds towards productive and away from non-
productive spending to achieve a closer to optimum growth level.
The results in Table 3 also suggest that not incorporating full GBC into the analysis
could tend to make the coefficient estimates biased which have been warning by some
researchers, e.g. Kneller et al. (1999), Bleaney et al. (2001), Bose et al. (2007), Afonso
and González Alegre (2011) and Gemmell et al. (2016). The coefficients on the other
important variables remain strikingly similar to what is obtained in Table 2.
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5 Robustness
In this section, we assess the robustness of our baseline results by conducting the fol-
lowing two exercises. A critical econometric issue arising in estimating our empirical
model is that the right-hand side variables in Eqs. (4) and (5) may not be exogenous.
They can be determined by each other, by the growth rate, or by other variables that
are not controlled for in the empirical specification. The system GMM dynamic panel
is used to provide more reliable and precise results as it offers more rigorous treatment
of the endogeneity of fiscal variables on growth. The estimates are obtained using the
one-step procedure as the two-step system procedure has been found to yield biased
downward standard errors for small samples (Afonso and González Alegre 2011). Fur-
thermore, the definitions of productive and non-productive government expenditure
are also tested.
5.1 Robustness test 1: testing for endogeneity
Traditionally, empirical research on economic growth models have applied pooled
OLS, random effects and fixed effects (Devarajan et al. 1996; Bose et al. 2007; Ghosh
and Gregoriou 2008). However, since the Generalised Method of Moments (GMM)
technique was first improved by Arellano and Bond (1991) it has become a com-
mon method to apply and compare to other techniques. Ghosh and Gregoriou (2008)
applied GMM technique to tackle possible endogeneity of the explanatory variables
in the panel. Recently, Christie (2012) re-estimated productive public spending vari-
able using dynamic GMM to account for endogeneity and found that the results are
consistent with her main result using Fixed Effect Method. Our model also applies
the dynamic panel system GMM estimation (Arellano and Bover 1995; Blundell and
Bond 1998) to address those concerns. The reason for using panel system GMM
instead of difference GMM is that system GMM overcomes the problem of weak
correlation between the regressors and the instruments, and it performs better (less
bias and more precision) compared to difference GMM (Blundell and Bond 1998).
We adopt a one-step system GMM as one-step GMM estimator is efficient when the
errors are homoscedastic and not correlated over time. This is often too restrictive.
However, the one-step results are consistent, and robust standard errors that adjust
for heteroskedasticity and autocorrelation are easily obtained. The consistency of the
Arellano and Bond estimator depends on the assumption that the errors are not serially
correlated. It is therefore crucial to test for the presence of serial correlation. Arellano
and Bond’s test reports for first and second order serial correlation of the differenced
residuals. Hence, there should be first order but not second order correlation (Rood-
man 2009b). Furthermore, Arellano and Bover (1995) and Blundell and Bond (1998)
suggest a Sargan or Hansen test for over-identifying restrictions, which tests the over-
all validity of the instruments when applying GMM technique.9 Bleaney et al. (2001)
and Bose et al. (2007) found substantial lagged effects of growth for a set of 21 OECD
countries and 40 developing countries respectively, and suggested that long-run effects
9 The null hypothesis for Hansen J test is that the instruments are valid in the sense that they are not
correlated with the errors in the first differenced equation (Roodman 2009a).
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of fiscal policy may take more than one interval to be effective. To account for this, we
apply dynamic model with lagged growth as an explanatory variable for both group
samples.10 Fiscal variables enter as endogenous, whereas all other variables with time
dummies are assumed to be exogenous (Gupta et al. 2005; Bose et al. 2007).11
The results for the dynamic panel GMM one-step system technique for productive
and non-productive expenditures on both group countries sample are presented in
Table 4. These results also report Arellano–Bond’s test for autocorrelation and the
Hansen J test of over-identifying restriction. Moreover, Roodman (2009a) mentioned
that an underappreciated problem often arises in the application of system GMM when
using too many instruments, so this paper tries to minimise number of instruments to
capture the possible endogeneity of regressors.
When the model is estimated only for low- to middle-income economies, the
results closely align with those of the fixed effects model for both productive and
non-productive government spending. This implies that the main results for those
economies are not purely an object of endogeneity biases. The coefficients of those
main interests (productive and non-productive variables) are smaller under GMM than
fixed effect model, but the standard errors are also smaller. While the coefficients on
the control variables are of different magnitudes and signs. On the other hand, GMM
estimation for the high-income group does not appear to be valid. While the Hansen J
test for over-identifying restrictions does not reject the null hypothesis that our instru-
ments are uncorrelated with the residuals for both samples, we only fail to reject the
null hypothesis of no second order serial correlation at the 10% level. Notably, lagged
growth appears significant for both sets of samples as foreseen by Bleaney et al. (2001)
and Bose et al. (2007), but with 5-year moving average data this dynamic specification
presents high value (approximately 0.90) of lagged growth. One of the reasons for the
invalidity of GMM technique in high-income countries may be common characteris-
tics among macro data sets.12
5.2 Robustness test 2: classification of fiscal variables
The next change we make to the regression equation is to re-test the classification of
productive and non-productive variables. The aggregation of the functional classifi-
cation in the data source into theory-based categories has been a controversial issue.
To highlight this concern we separate out productive and non-productive government
spending into their individual components, then rerun the OLS two-way fixed effects
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where Git−1 is the first lag of the growth variable.
11 To capture the effect of lagged growth and to be consistent with the approach of Bose et al. (2007), we
exclude log initial GDP from our regressions.
12 The dynamic panel data models, which were applied by Arellano and Bond (1991), Blundell and Bond
(1998) or Bond et al. (2001), have focused mainly on those applicable to micro data sets, which normally
have a large cross-section dimension with a small time-series dimension.
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Table 4 Productive and non-productive government spending with GMM technique in the presence of three
revenue-side variables in the GBC
Estimation technique: 5 years moving average—GMM one-step system
Dependent variable: per capita growth
High income Low- to middle-income
(1) (20 (3) (4)






Lagged growth 0.9314*** 0.9216*** 0.9445*** 0.9356***
(0.0712) (0.0757) (0.0335) (0.0384)
Investment 0.0406 0.0551 0.0045 0.0116
(0.0557) (0.0568) (0.0179) (0.0192)
Inflation −0.0161 −0.0062 0.0023 0.0026
(0.0536) (0.0569) (0.0023) (0.0023)
Labour force growth 0.08483 0.1047 −0.0431 −0.0410
(0.0824) (0.0918) (0.0673) (0.0697)
Openness 0.0022 0.0028 −0.0014 0.0025
(0.0036) (0.0038) (0.0050) (0.0050)
Non-tax revenue 0.0440 0.0531 0.0146 0.0084
(0.0434) (0.0401) (0.0434) (0.0444)
Tax revenue 0.0314 0.0464 0.0253 0.0389
(0.0602) (0.0623) (0.0510) (0.0515)
Surplus or deficit −0.0183 −0.0122 0.0448 0.0574
(0.0551) (0.0549) (0.0724) (0.0665)
Constant −0.1490 −4.1736 −2.773* 0.0995
(3.6369) (3.6784) (1.5056) (0.9932)
Observations 554 554 323 323
No. of countries 37 37 22 22
No. of instruments 44 44 37 37
AR(1) test (p value) 0.014 0.018 0.02 0.018
AR(2) test (p value) 0.027 0.027 0.154 0.178
Hansen test (p value) 0.540 0.900 0.983 0.935
Robust standard error in parentheses. Country and time dummies included but not reported
***p < 0.01, **p < 0.05, *p < 0.1
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analysis.13 This allows us to determine the robustness of our main results and the
results are displayed in “Appendix 2”. Almost all components of productive govern-
ment spending for each group have a positive (either significant or insignificant) impact
on growth, while expenditure on social protection (major percentage of non-productive
spending) is opposed.14,15 In high-income economies group, expenditure on educa-
tion, general public services and housing (productive components) are found to have a
positive and significant impact on growth, while expenditure on health and economic
affairs in low- to middle-income countries are found to have the same results. Surpris-
ingly, defence spending in low- to middle-income countries is found to be significant
and negative compared to other components of productive expenditure. Reallocating
spending towards social protection may be associated with negative effects on the
long-run output levels.
6 Discussion
The basis of our model is the paper of Devarajan et al. (1996), which studies the
impact of the composition of public expenditure as a proportion of total expendi-
ture on long-run economic growth. Our paper extends the work of Devarajan et al.
(1996) by including GBC variables. The same approach was also followed by Ghosh
and Gregoriou (2008) and Gemmell et al. (2016), while alternative empirical stud-
ies examined the relationship between economic growth and government expenditure
compositions as a percentage of GDP. The rationale for expressing productive expen-
diture as a ratio of total government expenditure is that under this measure a unit
increase in the budgetary share of productive expenditure has to be matched by a unit
decrease in non-productive expenditure, as the size of total spending remains fixed.
Under the alternative approach of measurement (i.e. expenditure as a ratio of GDP),
a unit increase in the share of productive government expenditure in GDP does not
necessarily mean that other expenditure items are decreasing. This may lead to varied
findings for different sets of data.
Our empirical results show that the share of productive government expenditure has
a positive impact on economic growth for both sample groups (high-income and low- to
middle-income economies), while the share of non-productive spending has an oppo-
site effect. This result is contrary to the findings of Devarajan et al. (1996) and Ghosh
and Gregoriou (2008) in the case of developing countries. This may be explained by
the time period and sample data used. Devarajan et al. (1996) and Ghosh and Grego-
riou (2008) are both using the data sample period 1971–1999. The popular view in this
period was that low- to middle-income countries lacked the basic infrastructure and
other type of public goods and therefore increased productive spending may not bring
13 Expenditure on recreation (non-productive spending) to total government spending ratio is too small, so
it is excluded from our analysis.
14 Kneller et al. (1999) found similar results to our study with a negative effect relationship between
expenditure on social protection and economic growth for 22 OECD countries.
15 Public order expenditure, a non-productive expenditure component, has a positive impact on growth,
but its share of non-productive spending is much smaller than expenditure on social protection, therefore
does not change the substantial effect of non-productive expenditure on growth.
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increased economic growth. The average productive government expenditure (as a
ratio of total expenditure) was 21% for nine developing countries during period in the
Devarajan et al. (1996) study. Furthermore, countries that have allocated fund towards
productive spending and away from non-productive spending in this period have often
done so for other reasons other than productivity considerations, and this is where the
role of corruption assumes importance. As Tanzi and Davoodi (1997) have noticed that
private companies often get contracts for large public investment projects by paying a
“commission” to government officials. However, for our samples from 1990 to 2012,
low- to middle-income countries spent a much larger proportion of public spending
on productive expenditure components (78% in total government expenditure) which
helps to develop infrastructure, create innovation and improve labour productivity.
This may have boosted GDP per capital growth and achieved fruitful sustained devel-
opment economics during our sample period. Non-productive expenditure (mainly
on social protections) is found to have a negative impact on economic growth in our
analysis, as this spending contributes to the standard of living for countries’ residents
instead of impacting growth directly. This is especially true for high-income countries,
which spend 39% of total government spending on non-productive components. Our
empirical results show that low- to middle-income countries have been following the
approach of high-income countries in allocating government expenditure in favour of
productive government spending at the expense of non-productive expenditure, with
the aim to enhance economic growth. However, this approach still depends on the size
of the government. While low- to middle-income countries have small governments
(average total spending is about 26% of GDP) and tend to concentrate spending on
productive government spending, high-income countries that have a large government
size (40% of GDP) tend to spend more on non-productive government compositions.
In addition, as we found in Tables 2 and 3, an increase in total government expen-
diture has a crowding-out effect and thus has a negative impact on economic growth
in both groups. Both sets of countries should not increase revenue by tax or non-
tax means to have a greater government budget surplus (which enhances economic
growth), as this increase would have a negative impact on economic growth. How-
ever, by reallocating the mix of existing spending away from non-productive forms
of expenditure and towards productive forms, countries can move closer to a more
optimum growth level. However, economic growth is assuredly not the only criteria
a government considers when deciding how to allocate public spending. There are
other crucial elements such as employment and income equality that should also be
considered. Even when social protection spending may be an obstruction to greater
growth, it may help promote income equality. Even though our results suggest that a
rise the ratio of productive from non-productive expenditure raises economic growth,
increasing this kind of productive expenditure compositions too much may be counter-
productive.
The established empirical specifications in recent studies are to apply the com-
ponents of public spending as a percentage of GDP and use a 5-year average. This
paper also re-runs the regression equations with productive and non-productive gov-
ernment expenditure as a percentage of GDP using 5-year average, to see how our
results compare with those of previous studies (the results describe in “Appendix 3”).
It can be seen that the coefficient for productive expenditure is significant and positive
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in the high-income sub-group, while the coefficient for non-productive expenditure
is opposite. This result is similar to the main result of this analysis and consistent
with previous studies, such as Kneller et al. (1999), Bleaney et al. (2001), Afonso and
González Alegre (2011). Therefore, it provides support for the idea that the impacts
of government expenditure components on growth in high-income countries do not
depend on the time period, as these economies normally achieve macroeconomic sta-
bility and have good government effectiveness and bureaucracy quality. Meanwhile,
neither the share of productive expenditure nor non-productive expenditure is found to
have significant impact on growth in low- to middle-income countries. One possible
explanation for these results is the selection of an inappropriate 5-year time period
over which to average data. For low- to middle-income economies, 5-year average for
pre-stabilisation countries may lead to bias results as their governments set up several
5-year Socio-Economic Development Plans to achieve development and economic
growth. Furthermore, the effects of public spending components on growth in low-
to middle-income economies differ between various studies due to the corruption and
bureaucracy inefficiencies in these countries.
7 Conclusion
This paper examines the impact of fiscal policy on growth within an endogenous
growth framework using two government spending components, productive and non-
productive. The main added value of the analysis is to compare and contrast the effect
of government expenditure on economic growth in high-income and low- to middle-
income countries over a fixed time period and a given set of measures, therefore
providing a consistent comparison. The empirical strategy applied OLS fixed effects
methods to a panel of 59 countries during the period from 1993 to 2012. Additionally,
potential biased problems in the relationship between growth and government structure
were tackled using GMM system dynamic estimation techniques. A final important
feature of our methodology is that we took into account both the sources and uses of
government budget in assessing the effect of fiscal policy on growth.
Consistent with those existing studies using high-income country data, the findings
show that a shift in government expenditure towards productive government expen-
diture and away from non-productive expenditure has a positive relationship with
economic growth. In relation to low- to middle-income countries, we find a simi-
lar relationship, which runs contrary to the findings of other papers that examined
developing countries. We also find that an increase in level of government expendi-
ture has a crowding-out effect and thus negative effect on long-run economic growth.
However, by shifting from non-productive to productive forms of public spending,
countries can move closer to a more optimum growth level. These results support our
conclusion that our low- to middle-income countries sample has followed the fiscal
policy approach of high-income countries, in allocating government expenditure in
favour of productive government spending at the expense of non-productive expen-
diture to enhance economic growth. In addition, our findings have implications for
governments in deciding how to allocate their expenditures. For high-income coun-
tries, allocating more expenditure to education, housing and general public services
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will enhance economic growth. Meanwhile spending more on health and economic
affairs bring the same result for low- to middle-income countries. However, expendi-
ture on social protection has a negative impact on economic growth for both sets of
countries.
However, this line of inquiry raised several questions for further research to tackle.
Our policy recommendations could be expanded if quality of government was intro-
duced in the regression. This variable could further explain the observed differences
in terms of the level of government expenditure and its component effects on growth
between high-income and low- to middle-income economies. Not only can this aspect
of government spending affect growth, but also the structure of taxation can affect the
steady-state growth rate. Therefore, there is much more work needed in order to arrive
at a more precise policy guidelines and this remains an essential area for further study.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if changes were made.
Appendix 1
Country sets
High-income countries (37): High-Income non-OECD Bahamas, Bahrain, Croatia,
Cyprus, Kuwait, Latvia, Malta, and Oman. High-Income OECD: Australia, Austria,
Belgium, Canada, Chile, Czech Republic, Denmark, Estonia, Finland, France, Ger-
many, Greece, Iceland, Ireland, Israel, Italy, South Korea, Luxembourg, Netherlands,
Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland,
and United Kingdom.
Low- to middle-income countries (22): Low Income Ethiopia, Kenya, and Nepal.
Lower-Middle Income: Bolivia, Egypt, India, Indonesia, Philippines, Sri Lanka, Viet-
nam, and Zambia. Upper-Middle Income: Bulgaria, China, Costa Rica, Hungary, Iran,
Jordan, Lebanon, Mauritius, Romania, Thailand, and Tunisia.
Appendix 2: Classiﬁcation of ﬁscal variables with 5-year moving aver-
age
123




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T. T. Chu et al.
Appendix 3: The level eﬀect with 5-year average
Estimation technique: 5- year average—two- way fixed
effect
Dependent variable: per capita growth
High-income Low- to
middle-income









Log initial GDP 0.2085 −0.704 −0.5936 −0.4114
(1.7832) (2.0616) (0.9072) (1.085)
Investment 0.1694*** 0.1954*** 0.1919*** 0.1910***
(0.0575) (0.0635) (0.0584) (0.0570)
Inflation −0.0558 −0.055 0.007 0.003
(0.0441) (0.0508) (0.0063) (0.0064)
Labour force
growth
0.2344 0.1681 −0.1837 −0.1297
(0.1259) (0.1268) (0.2388) (0.2412)
Openness 0.0247* 0.0366** −0.0106 −0.011
(0.0155) (0.0146) (0.0137) (0.0136)
Non-tax revenue −0.2626*** −0.1468** −0.0631 −0.0656
(0.0708) (0.0673) (0.0757) (0.0930)
Tax revenue 0.0453 0.1838** −0.1058 −0.1506*
(0.0871) (0.0873) (0.0799) (0.0836)
Surplus or deficit 0.1841*** 0.0716** 0.1824* 0.1908*
(0.0668) (0.0673) (0.0936) (0.1197)
Constant −5.0344 2.607754 7.8376 6.159422
(15.337) (18.018) (6.1693) (7.9751)
Observations 147 147 84 84
No. of countries 37 37 22 22
Adjusted
R-squared
0.6979 0.6966 0.6274 0.628
Robust standard error in parentheses. Country and time dummies included but not reported
***p < 0.01, **p < 0.05, *p < 0.1
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